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(54) METHOD FOR REFINING CARBON NANO TUBE AND APPARATUS THEREFOR 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a method 
efficiently sorting and recovering carbon nano tubes 
(CNTs) from a carbon material mixture obtd. by an arc 
discharge method, etc., and an apparatus therefor. 
SOLUTION: A DC electrophoresis refining apparatus 26 
consists of a main body vessel 6 which is filled with a 
migration liquid and induces electrophoresis, electrodes 
which are arranged on the opposite surfaces of this 
vessel 6, a DC power source 8 which impresses DC to 
one of these electrodes to an anode 1 0 and the other to 
a cathode 12, a dispersion migration liquid supplying 
means 30 which supplies the dispersion migration liquid 
dispersed with the carbon material mixture into the main 
body vessel 6 and fluidizes the dispersion migration 
liquid in one direction between the electrodes and a 
recovering means 38 which is disposed in the position 
where the carbon nano tubes gather in the outlet side of 
the dispersion migration liquid. The apparatus is so 
constituted that the carbon material mixture contg. the 
carbon nano tubes(CNTs) are separated and coordinated by every kind in the inter-electrode 
direction by the electrophoresis and that the carbon nano tubes are sorted and recovered by 
the recovering means. 
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(54) vmozm i3-$>±s*a.-'iwmtt*izptmm 



(57) [Kft] (ftlES) 
Jtffi^tt^ & A (cnt) 

S3iEe9i»Hiffi»siB 2 6 1±, bmm* 

fcB*^S3 8t^6<i:y, A-7t<>^/^-?' (c 
nt) S£fca-#>*JtS£tt*«t*»l;:J: Utfi 

^*@«¥«i=«fcya»jisiiijii-«j:5i=*j«**iT^ 




*1lSt, z LTIES EP Ja L fc 

Wff Micftftacn* £9Ett ^^I2liir, d ©aftiS 

*ic*-/tc>«!iit**ara*iPii=teftaa*-B-c*-7K 
e»«is * *t § z t &,m 1 1 * * / * i- 

[S#«2] ttG*BH)l::ftX*E£BiRru 
3tf#*ilB«©mSWf;£o 

[it** 3 3 frG*ani^«-wi«»At- «<t? 

T 6 If** 1 <t ^ t 3 fB»©»S75;£ . 

[it** 5] Lfc*fts*»££i8*-e:3 
at. cL©*aa)-»*»ffii=ffii^«i»ffii=wjiir*E 

3K«as t . * fc*f*#Sfc l= * >ft Rift*** 

* anjcftnft saw* l b «am ic jsut^is 

» n a © m □ n t? * - * > + ; ? a. - ? # * * -r « & s 
l=»lt 6 ftfc iiiK^a t * & # y , *-iK^y i- 
? ^ * -#>*na***«ft*»i= * y *ara* 

EiR^sicjiyaHiaJiJrt-icttw^fr**-*^ 

t, *tfc * i&hvs t . z © i*iiM*«a t * y a t? * 5 1= 

rti=*-7i?>ttKS^*i*»»*-ti-fc»»aiiia*wie 
l r ««ni= is ^T»«aaa*a»iRi ks&m $ -a- 3># 
tkaajsetie^st , «-nta»*©ajpfli-c*-7i?>-t- 

r. ^-7*01*™=* y»«Biix-r 

[000 1 ] 



fi**^6*-jf«>-f-/ ^a J; y«tR 

w i=s»j @w & -h - * >t- / * a - as * 

[0 0 0 2] 

y . ©«itt x tt@tff »«f *i=«fc y is t Aj 

^tlfctt^lCfcofco tC5/)<, 1 98 5*1:^77 

Ceo^aiB^H-Scirlc^o 
tzo Ml:, 19 9 1 *|c|±Eii!E7-^tt*l=«fcoT4Bt 

-7ff>^y^3.-^nm$^^icMofco 
[0003] bi ii*itat7-^]ft*a©flifiEia-cfc 

y, *Y>/*5 2©4>*l::iI&©Jlfc*2*«>ft*#5 
4, 5 6$*spi=**|RlK1tLT^4. dtiffllff5 8ICJ: 
yfl[gA<6. 5mm©K»<f5 4£liaiCL. ItftA* 1 
1 mm<0K*#5 6*B6aicr*. W\*5 2 Icli^ 
EP a 7j |r) I = >\ 'J ^ A tfX £ S5E A $ -tt T * EP b 75 ft I = ;4 0 
^>7"titL, E73ft6 0-CttaiL<E3&«6^E* 
i«2 00Tor r -e— Sl:ft4«fc5l=B« - f Xf7 
e>^-*-6 2TBiIti5 6**Blc*filC# 

SEH£«lSS-r-5o -«iLT, itS5«E3b<2 6 vtl 
3IE*<7 0 A©t#l=, Si#5 4, 5 6PfllZ7-'i7Sfa 

*«»*y, Haft*»5 A^&Kjus^tttustiTia 

[0 0 0 4] 11 2[*7-f ?7X7©BE«(9HIM*5 6 
«-ifi©«*HT»*«. fl±Dt I I I (±7— ^7X7W 

*ttt»jaLTL»*. AMU i tt^^-xmmtmi 
tis tstmfrzmxfmtzi&tt e ©«5gic * y ^itK*jg 

y##, *ttd^bu4^bisai=it«LT^<o fto 
t> nai4^mi:>sfiL, BESi=*«tt^*-r*©-e 

[0 0 0 5] 01 3(d:RiattKtt 5 4i:ISa^«lf 5 6 
«fflt'S^. H«lftit»5 4 ©5fe«iEBI4fl[*Tf>S 
*W*fcftlCffi<fcoTJ3y, teTJ, SIIffi*1$5 6© 
5t4Slwl4Jt*tt6 6«fLTU5o C©*«tt6 61* 

T?^Ji^;R£*^'6SU*"7 7stt©^ ; 7 7 7'-l' hfrbft 
y, *<>*«*7 Ottlftt^feftflTf, C<D*l=*-# 
v+y*-L— 7 (cnt) ^*i^rL^-5>„ *— tH^-J- 



y?a.-:/jartl::±-# (cp) ^<o*-7K 

[0006] li-1&^lrJ9-*--J (cnt) [*, Eg 

J&«»nm~a+nmTfS$!6«ax<m©«|-35e5cWfllJ£* 

1 4 iCjjVf J: a t£&U<D»Vtt Lt 1*3 C £ *<»^o 
fc 0 (a) lt*»A«#IBf*:tfBtTJ3y, (b) l±5feiS 
A<BB^-Cfcy. (c) ttftSA<R«»T?ffli:Tfcy, 

(d) *iiuirewi;T i**. z©«i=*k 

[0 0 0 7] *-7tC>^y^i-3f(7)Ii^IB5IJI*, ?7 

t'fcS^tA^ottfc. CNT£DR«j(7)Sffijffi£ffli; 
Z>tMzl* y 6 fir o Aftftli cfc L\Zt 

<DiEltfl)tt*A«#«tfft*Ci€*L-C^«. H1 514 
*— 7(5 ^ a. LTfc y , 
3E*at<DII L J icAJWhWEMSih.* 1 £ tctotflid^ 

MPS LTl*£> 0 3.&&0>WBS.tt\z,\*&mibZtzlb* 5fe 

a»js©^«tt*<aisr*. 

[0 0 0 8] 

tt±&Lfc J: a i=S-*7c*Jt£=&r * PMtetfE 

*frWmM (STM) (DSW-t LT;Sfflr§7'T7 : 7 

mmw t m& t zzttK m&xtt &zt tm&omm 
(cp) momo±-^>mmtm^.Lxi^0^x 

Miss** *i-?$as?wi=»s(r 

5t5:r & d t tfSH * tux 2 „ 

[0 0 0 9] 

r * f=toi=ft $ tit * ©t* & y > *se * * — # > 



Wl::$HtEtt*-tt5*3lSi:. A-7fv>tyfa-^ 
^H4-ri.&g^t>*-5l07-/5 1 a-^^5iKi|@J|xr 

[0 0 1 0] lEi LTttES6«IEt«3lE*E*fiIffltf 

l ^&wm®.* & mizm&? 5 z 1 1 x* §■ « . 

[0011] «tttt&tta«ft*ftMttfc«£ LTI*. 

l=* >tt RjISHs *-t±fc»»at» 
$ L T WHO] 1= J3 l^T »»x*S6?S*-*Ir1 l=3K B 

[0012] xummw^bmmgimwt lti*. »n 

t. z©i*'jc>tt*ffi*BiyBat?«fc5i=EiB$*ifci«ttm 
ai, c ©4"i>ttma t «tt*ai=*amE*fc«:s« 
«E*EPipr*«st, fstt*#eas«t*-7t?^«!!i 

T»jR*»«*«l*lRll=SHBl*-l±«»»a»*tt**« 

r it & Hfc Qiix^ft »jar «. . 

[0 0 13] 

=L-?*mmtz>i5 : &£miiM?i l fees » 

ic J: y *-7tf>i-y ^ a-^ t A-iH >7^y 
[0014] *«w-e«S©JS#4i:***-7t«>«HS 

mz.i£T-vmm}£iz£^x!£M£tiz>mm 
mz\ts K-Ttisi- ; ? ^-y (cnt) tt>-K^± 

J-%L=F (CP) jfttsaLTL^^t^jtfiSWT-Kttll 

mx-zzx&h?, 

[0015] 7-*ttma**ALTH«*i=wiiMrM 



omkG.mim.tt&Mt Uzc v ds-c 

[0016] «w#«owsei=«t*ni, «t"*t>*flHjB"t»ic 
it 3 * -7t? >t- y =f- i- ?©ffi& * tit ft * -t±6 fcft iz 

lift(D3ftfr4<lSTffc4. S&1 £ft 14^ 

3b<*#<ft6„ 1 5 0To r rT?[*CPA<atffiSI=ffa 
200Tor r ICfcSifcCN TffiKtfflfcfcL, 
t*< ft*. 3 00 To r rlCfcStCNTffl 

l> l A^ * < ft o t nmw*. < ft 

©sji £ <g < Ittt f -5 c t -a fe * o - © fc ^ i= lie® k 
if xstsp a-a-tn* 4 i*. $ 3 ^ftii^ma 

1-st. ?777-f httat*^cp<D*3b<«aiL, *fc 

4«*ti*CNT©fi4tf1 pm*itg<4y, LA' 1 

[0 0 17] ia±©4 5KLT»b;fcfcCNTfclt©S& 
— Tt-C £ JIXH L XW&t* t J1*'4^K t 

IS $ -Br £ fc ft I c a#a»Slt L . * ®fc L T ± S 

y ffi L fc o C N T C P HA<Bl£ l t * # 
< ft o f- * -tf 14 C CD ai£>»ltl = 4 o T KSt 

±,l^*iriic NT^cpro-fi-iA^tl 

= £l=*oTs m-(DCNT^ja$J;<[i]itX-C? 
[0 0 18] gnE»tt£ LTI4*-JH^«8S;1^ft*^ 

fcBB»l=»»«-C**«. ZHD»tttLTI4, *14»BE 
•¥>W*»jS*5LM4-t*L&0)S^»jiA^Jffl^#, MX 

□ t°^7JU=]-;U (I PA) , x^jU7;Ua— JU, 7-b 

h;nXtfl!>3iffla)*«»ttE*«*]ffl-c*4. flit 

LT, I P A©ig£|::li«ft;7*»J©^:t>fI<t LT*;U 
*4r*>;U***#«**iT^-6. c©4 7l~, ;1«tLT 
l4*-7H>«afi;1^«!i<7)aSiaHi14jil^att«l. 



ic. Hi [=*-rtt&«ft*»*»2£ft-3T|iraLfc. 
*-#>*Ra*Ks*-f v e;i/7;i/3-;n-ia*iS 

4tt4, -o»»a»a4se*6fl!>(t>i=3tfcL, * 
S^iii ok, tt#£Rtffi 2icEnto-r-5o c©ni£ 

T*l4*Jg (VJHltt) li2250V/cmtfcofc 0 # 
«*»*4 0!)«t>l=tts ^BglCttSx.ftt^ftt/h^ft 
l3-7$>i-/?3.-y (CNT) tA-zfVt/if 

(CP) A«lc^ii1-*c B5*«rai=lS 

*SM)gfii: LTWJfl-C**. **3-**T-l4!*«lia! 
Jt^-^T-ftUfclfT^ *ft»»i!&<Wife*:fr&T?fc*. 
[0020] H2l4CNTiCP jWMtiMHi LfcttSS© 
7tfiMm^H«ltlgl¥S©Xy-V^^fc*c CNTiCP 

1 2^&H4ii oizifii^oT^<D)ifty^ab*i*c 

©T% B^Ir) d fcTfjlcKfil LTL x -5 Z t 

s. z<DiBifi]i±, »±Lfc»«(|'t»*a>*a>*«-S* 

IS] lcil»i1- *t,«tafl)'>ft^*lRl*i:*fc«)l= 
e-4ISt*S„ Z<D£5\Z^ CNTtCP^tt;* 

it LT I PA*IC#RLTL*$C£A<#fr«o 
[0021] CNTtCP ^HMffi)IZflofc»n$Jl« 

ftm^^» ; fi?L-Cl>'5i:#x.btL-So 3P-< FWl 4 

£D*sii+«^££i-£fcft, zommwmtv, v& 

* 0 Z© + m?f[4;-ijiS*©-SiSf^?S?IL, ^©Jtl^ffi 
h^/ifJ^I (ff^: 5) tB¥l4*VTL^. Lfr 
L, ^-0»H!lffl-f*>l4J!ftiI»©iB*lcJ:oT + <*> 

©w^«m*»iic^-r*zi p-r FW©#am#£:ft 
* 0 ^©-rtiaf ©se^4: (^x-^) mfui:EL\ 
an* Ka^oDaBtttttsaottRickoTftSis 

X, a P -f Klft* 1 40>+*ft^W(0«* 
glcdcoTi^H&o z ©SKIS g«fc yaffil (r>5 + 

a) -ei4i»siiA<±i*tfty, iEt-ft>*^77i/ 

^flTLTl^lSigt-efeSo 
[0022] CNTtCP ©E;t*ft*IJl©ta^ b , 

c n t ©mm&iJi&ibJgtfc p ©^^, j: y x £ t A< 
Kfr-Dtzv o*y, cNT*<cp«fcy^<BEffii=5]it-r 

*©t?ife*o «fta»i«ftVl4S#afiEElcJt 
BSRaSaiZ^oT. CNT.*" C PA^WlzS^TTlfillC^ 



[0023] C N T fc C P tfWfflnHMW & fc . M# 

^mmwh^tfmmttih. cN-rfccpiii^Bg 
a*fiic»ML&#&winii**»-r«o k«t 

A<*@<DTSI^HIiiLfc fc IjfniDlftttlTft 

-f Kft^taWWlcBft-ri^fc^t?**. 3t»*lpltt 
;7Tctb^T|p|«!:ExLTfc*vlScfc<, «:fc£fin?£ < Tt «fc 
I*. »M»£3K»*ttfc^*£l::li, H2ro*:?lc s c 
NTtC p *a*tttST*IIHII=3!**"4fr b » CNTt 
CP0»lt[fi]HX*) < ffl!£l::&6° LfrU iftift^tbfc^ 
l= i* c n t fc c p (DMm&Zfi ozt tfx $ 6 o -K 

(D^HJiRT'tt CNTtCP tf&'PM&t -IS 

a, =fRit«ysm, S5iKifecNT*gwwi= 

[0024] x0t^&«&*i.f=mft»tt»nft«>4iftt 
atiwic^st Lt^fc. fc*#iHtt«Ri c f m 

x^fc 0 fciftfrtatfe-rt* «»a»»M*ni=i. 

5 f&gJS<DMII*«-C? S - 1 o fco * (Dftft 4 1*» 

0lii.T-Cfc-5C<tTfe-5o /clix/Wft* A©jfi* 
CD#gtt 1 0~ 1 0 0 nmt^J , /flt1/200nm 

za>*?iz s n&mz&mmztcNT tcp 

[0 0 2 5] mz, 3c3KSSia»ttH6SSffir4fcft 

fee *-7K>*na^*t-r' v^p t°;u7^3-;ncffi 
*a«*Lfc*» LT*ro±a*5S£#s* 
»jS4t-rs„ C 4 1 SO 

2 o^ibisl. #ti*idmi~$t>nw&z 2 ^iEg-t 
So ntrBEtttt*(ts»i smtzm&nmt ltwjbl 

-C4,«fcl\, S3E*S2 4*S6ltTttttSS2 Ottfi&tt 

[002 6] 6lzfcl^T\ fitt«fl 2 0 fc 

2 2*Nb«)SLf=roii. M*ffilHI=^^-*« 

*»fift-r-6fc«)-e&So sa*Efl>ai»i=«fey» *fe« 
i«2 2^?ifSfttmS2 oronfflicrai^o-cttWtti^m 

»*«3&«a*l, (**) A<+fefrbK*iS 

*©i«H3&«ii*«iiiii=a3^T^is-i=ft*«fc9i=«a* 
iBBi-tiii«t < . ^immmtWi'VtnmzWLhhzta) 

-rM+y-.-i \ ^tg=k#S!#i .f-rfcttf^^afSJISffll- 



**T?fcoTtlSa«l=aP'f Ktt^F**»TJ#, &3K 
*ft»»gfifc LTt*J/Bt?#3o 
[0 0 2 7] SStmX 2 4 ICt y **A<|?J 2 2 5 0V/ 
cm-eH;SilA ? 1 00H zi 1 OMH z©SSSWE£, 

^ tain izEpa l fc o it am* 

X-y->^^H5lC^f o £EP i ^initt»#ro^i£iT*fc 
y, 0fl)±Slill2OfcJ:i;il2 2#3fi?f.L, T 

^ftMftararo't'Mtyt**"*". 1 o o h z t-i**att 
liisfcA/jfji&ih.fciv, Lfr*.mattiftui*c n itc 

z -Ciis *aift«l=c n t A<»* LCP [i*IH&fil=* 

CNTfcCP£^S£T?£5Cfc£Ei#LTl^o 
[0 0 2 8] «ft*»©JBjiS»fliffttroBa*ttWL 
tzo si 6 i*«aififfii=isi+* c n Tro^iii^ SiiJ 
cnt/ (cnt + cp) ro 

ffil±J§£»*<1 OkHz^KUtK^y, 5-1 0 

MHzttift-e3o%ic*-ea-r*. lot, aj3&$ep 
tof fti** c NTtcp ro»«tA<atoTsai-&* c fc $ 

[0 0 2 9] ft, CN TrolJWlRl i frbrot^ftJt 
(ElRlftS) ICOl^T^stLfco 1 200*roCNTIC 
^UVC, !B[SlftJ£©™i£OJtfcLT*©«*<ilMro 

< <c y , 5~iomhz 7i*a*a% 

1*1 6gfIglc*-C^*,§ 0 S»*lRl^©¥ff1tA<aif> 

©aimesro cnt rofi$ i^M-r sttsttt* ufcjt^ 

^77tfe§. CNTro*$rolgiDlC#-oT@E|filftS 

y , c n Trofi$*<s< ass fc** ym»*fiii=EiRi-t 
szfc^s^-r^o 

[0030] w±ro«fc5ftHsR»«#ttroa**#s-r 
fcw*L*ffiyfflt;»3t-<5*-»!aro^ff-c-tro*ili*#^. 

fiil3Kia«l»l*, W^l^cfcoTiiR*^^- 
K©TI~WLrffiWWI=v7 h1--obCfclc 

* y^a^traa^F cro^a^tf* 
*S-«*i=BWELT»iii-r4ro-efe*. c^ibro^ifiii 
^A^^rifiL^ros^iicifi]^ a o -f v^p tf ;ur;u 
=q-;u^ro*;u/K4 : -v;uft^'r^-><!:S^-r'lbfc, ^ro 

»«USl*ftl 0-4~10-5 C m2/Vs fcaffl-5- 

fc*<-e^« -< *^roa»*<i6lffi-e#$fflift»i*i kHz 
ctv^jgxfcSHi«?i«T:-i*, qam-<7i-> 
aa©SE»i**taT?#. ap^ K^wsnro^-aro^*^ 

zt\zt£i> 0 -3*y, ttjBaT?i*«»-f 
ft?©T?3n-f Kft^ ro?Kttroa*roieai4'J^ $ 



[0 0 3 1 ] &±£%tlh&t. Jl-7fs>i-S^^-Z? 

( c n t ) \mm<Dfo®izbm l rmmzn l tto= 
sisi-fft. ssfUDfflaatfKLMs^ tfccNT^j 

tf*lMS£«**ffi^©ElRl**«lRlJ:-f «. 

fc It -5 C N T ©#£ tt*[*S afc»©HJ*Oi:: 1 1 & o TfS] 

±-Tft„ WC, CNT^CPIi^-mifl^oTSkift 

[0 0 3 2] H40&|-Cr*#ft»Kft£ttlb$-&Tli 
fcl^b, CNT*ajRWl=@J|3l-r*a)liBlf«?fe*. 

c *i £ ei jjx-r -5 fc to i = i* >9t«ft %n t m mi - , * 

n* * ffiSffififl l-aftM $ i+ ft ifits ft . z a>9Ett4> 1= 
■C#tt : Ffl)JI*tt*lCE|J|RWItl!lftLTi3l+tf, CN 

Ttcp 3!i<as?wi=s*i*ji=a«wi=a»JiHiii5i-r « - 1 
f6S^&a»iiHi*i*a«wi-fT*iii, cNT©a»iiiiJDi 

[0 0 3 3] 

imua <MMn > 

©»iRjiBic*s*Bi y uu 8 icct y 

ttft A» 2 8 y , C ©;±AH 2 8 |=0ftj*n»0ttt 
#»3 0fc«**»att»¥S3 2jWHS$iK.Tl*S. 
^*»*tttt¥«3 Ofr&ttfcfl] j *fSll=*-*>ft 
HsE^tt * ttfc*M**»**«#l&aAS 3 4 lea 

eti&^s 3 2 ^ b li^EP k -nn\zm^<n)hwmm^ 

[0 0 3 4] *(*:S»6<DTaicli*-7|?>t-/f-a- 
^©|H1JR¥S3 8*<EK2F*U C©iUX¥fS3 8li«fi 

iw*iri i=«aaiiKLfci»as38at 

@1U§»3 8 bfrb1«j££;ftft 0 »Ska»5SliS»6(D 

+ * * tts ®mz\mz*iz> mmmm t ^ £ 

*i«:A<6T*l=SIE»Lri4><. tt#&»?Sii=i p-T Ktt 

tt»*«ia*ttieLa^ci:4,ft« 0 as»*i=*ffii o 

■ 12HT5t»*iLT, CNT#CP£#KLfc*<e. 

CNTli^SteoTiiil^iJiiU *(DikU\zfo&®i&n 

3 8 a$^LXlH]llXS^3 8 b iCHllR^ftTt* < „ fto 
Th H-fl>EHRS»3 8 blCl*SlSH-»tt©CNTA< 

0jR**i&c4i=fty. cNTe#©ft$iciti:Ta9i 



[003 5] gftfl 2 

■b»«ssii4oa)fBji«Msiatf*y, mAn^xsm^t 

Uf=lttt*ft:S» 1 8<D*1-JII=lil«ttWl2 0 £1518: 
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